I. INTRODUCTION
The trialkylboron triethylboron (TEB, B(C2H5)3) is commonly used as boron precursor in chemical vapor deposition (CVD) of boron-based thin films as it is less corrosive than the halides BF3 and BCl3, and less poisonous than diborane (B2H6). In a seminal study, Lewis et al.
1 compared the trialylborons TEB, trimethylboron (TMB, B(CH3)3) and tributylboron (TBB, B(C4H9)3) and suggested that TEB was the most suitable for depositing boron carbon films, judged mainly by the high B/C ratio obtained. A recent study on the thermal gas phase chemistry of TEB in CVD 2 confirmed that the molecule is an efficient boron source at temperatures below 1000
°C. TEB has been employed for CVD of boron carbides 2,3 , phosphides and arsenides 4 and, of particular interest for this study, boron nitrides. 5-13 TEB decomposes primarily by β-hydride elimination, offering a low-temperature synthesis route for boron-rich films 1,2 . On the contrary, a drawback is that the ethyl ligands are suggested to form C2H4 upon β-hydride elimination 2 , which will be reactive as CVD precursors at the high temperatures needed for the growth of boron nitride (around 1500 °C) 5, 9 and can therefore lead to carbon impurities in the BN films. From this perspective, TMB with only three carbon per boron is seemingly a promising alternative to TEB. In addition, TMB was recently shown to be an efficient boron precursor for high temperature deposition and suggested to form less reactive CH4 in an α-elimination decomposition. 14 We have added minute amounts of silane, as discussed in our previous study, a small partial pressure of silicon during CVD of sp 2 -BN from TEB was shown to improve the crystalline quality.
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II. EXPERIMENTAL DETAILS
BN films were deposited on α-Al2O3(001) for 120 min at temperatures of 1200, 1300, 1400, and 1485 °C in a hot-wall CVD reactor kept at a base pressure below 10 -7 mbar. The substrates were cut in 10x10 mm 2 pieces and were cleaned according to the following procedure: 3 min in an ultrasonic bath in acetone at 80 °C, 3 min in an ultrasonic bath in ethanol at 80 °C, followed by standard clean 1 (SC1, NH3:H2O2:H2O with relative concentrations 1:1:26 at 80 °C) 16 and standard clean 2 (SC2, HCl:H2O2:H2O with relative concentrations 1:1:22 at 80 °C) 17 . The substrates were placed in the center of a tantalum-carbide-coated elliptical susceptor. Prior to BN deposition, the α-Al2O3 substrates were heated to 1100 °C during 5 min in palladium membrane purified hydrogen gas (H2), after which ammonia (NH3, 99.999 %, further purified with respect to water by a getter filter) was introduced and the temperature ramped up to the selected growth temperature for 10 min to form an insitu aluminum nitride buffer layer as previously reported in 8, 9, 12 The growth temperature was monitored by a pyrometer (Heitronics KT81R, calibrated by silicon melting).
The deposited films were characterized by thin film X-ray scattering, electron microscopy and ion beam analysis. All diffractograms and reflectograms were PANalytical X'Pert PRO, using a Bragg-Brentano HD mirror with 1/2° divergence and anti-scatter slits as primary optics and an X'Celerator detector with a 0.5 mm anti-scatter slit, 0.04 rad Soller slits and nickel Kβ filter as secondary optics. In plane measurements, as azimuthal scans (φ-scans) and Glancing-Incidence Diffraction (GID) were acquired with a Phillips X'Pert MPD, using cross-slits (2x2 mm 2 ) with 
III. RESULTS AND DISCUSSION
A. Structural characterization of the BN films and 54.5° originated from the diffraction of sp 2 -BN(00ℓ) and the second order diffraction (002ℓ), suggesting highly-oriented pyrolytic BN 20 or textured h-BN 21 or r-BN 22 on the nitridated α-Al2O3(001). We note that the growth temperature of 1400 °C is 100 °C lower than the temperature previously reported for TEB at similar growth conditions 9 . Increasing temperature to 1485 °C or decreasing it to 1300 °C, decreases the intensity of the 00ℓ peak and the second order diffraction peaks are no longer visible. At 1200 °C, no diffraction peak is visible. As for deposition with TEB 9 , the deposition of high-quality sp 2 -BN films seems to be constrained to a narrow temperature window, albeit at 100 °C lower temperature. In addition, to the highintensity 006 peak from the sapphire substrate in all investigated films, the 002 diffraction peak of w-AlN was detected from 1200 °C and with 100 and 110 peaks visible for growth at 1485 °C. SEM measurements of cross sections showed that the average film thickness increased from 896 ± 87 nm at 1200 °C to 1308 ± 194 nm at 1485 °C, corresponding to an average growth rate from 7.5 ± 0.7 nm/min to 10.9 ± 1.6 nm/min. This is nearly three times faster than the growth rate of around 3.7 nm/min obtained with the same concentration of TEB at 1500 °C. The films also presented a high roughness as in 23 .
Using a combination of glancing incidence diffraction (GID) and φ-scans, we concluded that the films deposited on AlN/α-Al2O3(001) were epitaxial already at 1300 °C. The films deposited 1400 °C were most cases polytype-pure rhombohedral result is shown in Figure 2 .(b), where only diffraction from the aluminum nitride buffer and the sapphire substrate is detected. This shows that it is possible to obtain polytype-pure r-BN films from TMB. In a few films, diffraction of h-BN inclusions could be detected by GID, as previously reported in 25 .
The twinning of the r-BN films was also investigated by acquiring azimuthal scans of the {101} of planes of r-BN. These planes have a three-fold symmetry as dictated by rhombohedral crystal system, whereas the φ-scan in Twinning of r-BN has been reported in previous works for films deposited on sapphire 9 and SiC 10 and is to be expected due to the 6-fold symmetry of the AlN buffer layer and of the hexagonal polytypes of silicon carbide, respectively.
B. Deposition process
Intensi ty (cps) In contrast to r-BN deposited from TEB 9 , epitaxial films were obtained in a wider range of N/B ratios and lower pressures using TMB at 1400 °C.
At fixed pressure, NH3/TEB ratios below 460 and above 770 were shown to strongly affect r-BN epitaxy 9 , whereas NH3/TMB between 321 and 1286 resulted in epitaxial r-BN, without having any influence on the crystal quality from 2θ/ω scans for N/B ratios above 643, as shown in Figure 4 crystallites is independent of the total pressure at these experimental conditions.
From our previous studies on CVD of B-C film from TEB 2 and TMB 14 , we note that TEB deposits B-C:H films at 400 °C while TMB deposits films only at 700
°C. This points to slower decomposition kinetics of TMB compared to TEB. In CVD of BN films, we speculate that the slower kinetics of TMB is then better matched to the slow decomposition kinetics of ammonia leading to a more well-matched deposition chemistry for B and N at the growth zone in the reactor, as discussed in the literature 27 . This allows a reduction of the overall deposition temperature and a wider N/B range for epitaxial growth. However, the optimal N/B ratio is then also shifted to a higher value. being less than 0.1 at% (below detection threshold) for a film deposited at 1500 °C, 70 mbar, 0.7 sccm TEB and NH3/TEB = 643. 8 As for films deposited from TEB, silicon was below the detection limit of the technique (at best 0.1 %). 16 From our previous studies on CVD of B-C films from TEB 2 and TMB 14 , we note that the Bcontaining species, active for the film growth, are different when TMB and TEB are used. When TMB yields boron species with methyl groups while TEB yields boron species with ethyl groups. This renders different surface chemistry for the removal of carbon from the surface. Ethyl groups can undergo β-elimination while methyl groups must be removed by the more energetically demanding α-elimination or by assistance of another species like hydrogen radicals. This can explain the higher carbon content in the BN films deposited by TMB. Similar trends have been observed for the pairs trimethylaluminum/triethylaluminum and trimethylgallium/triethylgallium for AlxGa1-xAs 28 , GaAs 28 , InxGa1-xAs 29 and GaN 30 . We speculate that the oxygen content is due to contamination due to air exposure after deposition.
Similarly as reported for TEB 16 , the deposition process using TMB is dependent on the background silicon concentration. In the absence of silane, the intensity of the (003) diffraction peak of r-BN is significantly reduced and the peak broadens as shown in Figure 5 .
IV. CONCLUSIONS
We demonstrate a deposition process for epitaxial r-BN on α-Al2O3 ( 
